BRIEF-DIGEST 1. Levels of protein supplement, ranging from none to 15 percent, in the rations of hens did not influence the loss of weight of eggs during storage.
2. The percentage of thick albumen in either fresh or storage eggs was not controlled by varying the percentage of protein supplement added to the hen's ration. 3 . The extent to which the egg yolk retains its original well rounded shape during storage was not influenced by the addition of protein supplements to the ration. 4 . There is very definite evidence that yolk color inf1u-ences the intensity of yolk shadow and consequent rapidity of the yolk movement when the egg is held before the candle. Dark yolks cause a darker yolk shadow and consequently a mOore pronounced yolk movement.
5. There was no difference in loss of weight during storage between the eggs produced in late winter, spring, or early summer when they were held at approximately the same temperature prior to storage.
6. The time of season at which eggs were stored did not influence their storage qualities as measured by yolk index and percentage of thick albumen. 7 . Loss of weight during storage can be reduced by storing only eggs with shells of slight apparent porosity.
sections of the United States as a result, oftentimes, of illogical ideas of quality, which may be held by the egg dealers' (buyers) and not the consumers. During the last year the United States standards and grades for eggs have been revised so that the dark yolk, as shown before the candle, is not discriminated against as much as it formerly was.
Numerous studies concerning egg quality have been conducted by other investigators. Prior to this study none has been reported in which the prcvious history of the production of the eggs was correlated with the physical characteristics of the eggs. This work, with eggs of known history, was planned to determine the influence of rations and storage on the physical characteristics of eggs.
An attempt has been made in the course of this study to demonstrate the fallacy or advisability of using the present method. Also, a study of the characteristics which might permit a more exact measurement of quality was attempted. This has been done by conducting the experiment in such a way that characteristics could be correlated, as shown when the eggs were broken out, with the various grades as determined before the candle. Also a study has been completed on the effects of feeding various protein supplements to the hens on the physical characteristics and on the storage quality of the eggs they produced.
REVIEW OF LITERATURE SHELL STUDIES
The egg shell is important in egg quality for two reasons: First, it is important in the development of the embryo; second, it acts as a container to prevent deterioration prior to the egg's use as human food. During the development of the embryo the shell furnishes it protection and respiration takes place through the shell. Calcium for embryonic growth is derived from the shell. The shell texture controls the amount of evaporation, the entrance of molds or bacteria, and the loss of carbon dioxide from the egg. For these reasons a strong shell is highly desirable, as compared with a thin, highly porous or cracked one.
Rizzo (23) pointed out that the number of pores or channels in the shell of the egg was often as high as 7,000. These results, however, might be questioned since the pressure he applied may have caused the dye used to penetrate pores which were not previously open.
Rizzo (23) , Dunn (6) , Swenson and Mottern (40) contended that the porosity of the shell was greater around the air space than elsewhere. Almquist and Holst (1) did not find this theory true, especially in fresh eggs. They grant that this is more probable in storage than in fresh eggs, as the air space in storage eggs is surrounded by gases on both sides. This would cause the shell in the region of the air cell to dry out more quickly than elsewhere. They also revealed that porosity in the entire shell increases with age and in a direct ratio with increased temperature.
Romanoff (30) discovered that porosity in the egg shell varies with thickness and breaking strength. Pores of thick shells are small and numerous, while those of thin shells are large and few in number. Almquist and Holst (1) contended that porosity as shown before the candling device is not true shell porosity. They maintained that the translucent spots are not indications of thinner places in the shell, but are due to an uneven distribution of moisture on the shell, and substantiate their contention by pointing out that this appearance of porosity can be changed by drying the shell. They demonstrated in their studies that the fresh egg shell usually has a low porosity. They also found that the shell porosity appears to be nearly uniform for eggs from a particular hen, but that those from different hens vary widely. Romanoff (29) found the porosity and breaking strength varied in eggs produced by the same hen.
Taylor and Martin (41) reported that hens whose calcium supply was limited to that occurring naturally in the feed laid eggs which progressively decreased in shell thickness. Buckner, Martin and Peter (4) found that the addition of limestone to the ration fed the hens increased the weight of the egg shell 40 percent within a month's time, whereas withholding limestone from the ration for 1 month caused a decrease of 21 percent in shell weight. Their work showed that heredity influences shell thickness since the White Leghorns used in the test produced a heavier shell than the particular strain of Barred Rocks that was used. Also, some individuals continued to produce thick shells after the limestone allowance was reduced while others produced thin shells that were easily broken.
Hughes, Payne and Latshaw (14) found that irradiation of confined hens increased the shell weight 44 percent. Hart (8) reported higher calcium content of the shell as a result of irradiating hens. Taylor and Martin (41) demonstrated that confined hens which had access to sunlight produced heavier shells than those not receiving sunlight. Wheeler (48) in a comparison of feeding calcium carbonate, magnesium carbonate and strontium carbonate to hens, found that the largest percentage of egg shell was produced by the hens fed calcium carbonate.
Romanoff (29) observed that hens laying at a high rate produced eggs with thicker shells, which were more uniform in breaking strength than those that layed more irregularly. He suggests that egg production stimulates the secretory glands of the oviduct and, consequently, a more uniform shell is produced.
Romanoff (29) found that the characteristics of the egg shell, such as porosity, thickness and breaking strength, vary not only between eggs produced by different flocks, but also between the eggs of one individual. In his work the pressure used in breaking the shell was applied to the ends of the eggs, and the weight required to break the shell was measured in kilograms. Weights ranging from below 2.4 to 8.5 kilograms were required to break the different shells, the average being 4.49 kilograms. The average thickness of shell was 0.311 millimeters. He observed that the breaking strength and thickness varied least when the rate of egg production was highest.
Morgan (19) compared the breaking strength of shell with the percentage of shell. The eggs were weighed in grams before breaking. After breaking the shell was dried and weighed to determine its percentage of the total weight of the egg. The range in percentage of shell was from 7.0 to 12.0, and the range in grams required to break the various shells was from 2,375 to 5,625. A positive correlation was found between breaking strength and percentage of shell.
VARIATIONS IN ALBUMEN
Romanoff (29) advanced the theory that the albumen consists of a network of fibers containing fluid within their meshes. He separated the albumen into three layers according to fluidity and determined the weight and percentage of dry matter of each. His work showed that the layer next to the yolk, which was the least fluid in nature, contained the highest percentage of dry matter. The reliability of his conclusions might be questioned because his observations were based on only five eggs.
Almquist and Holst (1) completed a more thorough investigation concerning the dry matter content of albumen and designated three distinct forms of albumen. They also compared the results obtained by drying to constant weight with those obtained by using the refractive index. They found that the percentage of solids in the three layers of albumen is practically the same for all eggs. Romanoff's (29) results were not in agreement with this work.
Almquist and Holst (1) indicate that the percentage of dry matter in the albumen increases with age, owing to the absorption of water by the yolk and evaporation from the shell. They state that in eggs more than 1 day old, without exception, the refractive index and total solids of thin albumen were found identical (within experimental limits) with those of thick albumen from the the same egg. Occasionally, small differences appeared in the percentage of dry matter in the three albumen layers of eggs less than 1 day old. This would substantiate the theory that there is an equilibrium of water established between the forms of albumen.
Almquist and Lorenz (2) separated the three layers of albumen and determined the percentage of solids in each layer. They found a smaller variation of solids in the three layers of albumen in eggs that were 5 days old than in eggs which were less than 1 day old. They state that the average percentage of solids in the three layers is equal to the percentage of solids in the firm layer.
Almquist and Holst (1) also proved that shrinkage could not be used as an index of egg quality. They stored one group of eggs in an atmosphere of carbon dioxide over sodium chloride, causing a high shrinkage. The quality of these eggs when broken out, however, was excellent. Another group vvas stored in an atmosphere of high humidity and over sodium hydroxide, thus preventing shrinkage but causing a loss of carbon dioxide. They stated that when broken out the quality of these eggs was very inferior to that of the other group. It was also found that the percentage of solid content of the albumen of several eggs produced by the same hen was not as variable as eggs from different hens or eggs selected at random.
Holst and Almquist (10) and Lorenz, Taylor and Almquist (17) completed work which indicated that the ability to produce thick or thin albumen was an inherited character. They suggest that the factors for low percentage may be dominant to those for high percentage of firm albumen.
Knox and Godfrey (16) found a significant difference in the percentage of thick albumen between a group of White Leghorns and a group of Rhode Island Reds studied. They found considerable range in the percentage of thick albumen in each breed.
YOLK STUDIES
The workers in the past have not devoted as much study to the yolk as to the albumen because, as Holst and Almquist (10) pointed out, the viscosity of the yolk is partially dependent upon the albumen.
Almquist and Holst (1), Sharp and co-workers (32) , all agree that the yolk absorbs moisture from the white. Almquist and Holst (1) say that this diffusion produces two undesirable effects. These authors show that this incoming water increases the size of the yolk and weakens the vitelline membrane.
Sharp and co-workers (32) developed a method of measuring the dimensions of the yolk. The egg was broken out, the yolk separated from the albumen, and the height and width of the yolk were measured. By dividing the height of the yolk by its width, a value was obtained which they called "yolk or numerical index." The yolk of the fresh egg has the highest numerical index and as the yolk flattens with age the yolk index decreases. For the fresh egg they give a numerical index which averages from 0.410 to 0.414. If the index is below 0.25 the vitelline membrane is very easily broken.
They demonstrated the fallacy of using the age of the egg as an indicator of quality. The procedure given by the above investigators would be impractical from a commercial standpoint, for a method is desired by which quality can be measured without breaking the egg.
PERCENTAGE OF SOLIDS
Several investigators have determined the percentage of solids in the yolks of fresh eggs. Willard and Shaw (49) studied eggs from different breeds of chickens and found an average of 51.37 percent solids. Pennington (25) found the solids ranged from 52.04 to 52.56 percent. She also pointed out that when the water passage into the yolk is sufficient to lower the percentage of solids to 46 or 47 percent, the vitelline membrane is broken by the increased pressure in the yolk.
EFFECT OF FEEDS ON EGG QUALITY
Sherwood (36) studied the effect of various protein supplements on the storage quality of eggs. He states that, with the feeding of cottonseed meal, crude cottonseed oil, partially refined cottonseed oil and the ether extract of cottonseed meal to hens, the eggs produced deteriorated in storage. As a result of feeding these feeds, the yolks varied in color after storage from salmon to dark green and the albumen from the normal color to pink.
He found that this variation from a normal yolk color was due to a large reduction in the amount of red, orange and yellow pigments and a small reduction of the green pigment in the yolk of eggs produced on cottonseed meal. Feeding a mash containing 9 percent or more of cottonseed meal caused the yolks to increase rapidly in size and in percentage of water content during storage, and consequently they contained a smaller percentage of fat than did the normal yolk. Over 90 percent of the eggs produced by hens fed 8 grams of cottonseed meal daily deteriorated in storage. A few of the, eggs produced by hens fed 2 grams daily graded as seconds when they were re-moved from storage. Slightly more of those produced by h8ns fed 3 grams of cottonseed meal daily, graded as seconds with a few" loss eggs." Cottonseed meal from which most of the fat had been extracted was fed, and the eggs produced compared favorably after storage with those produced by feeding standard rations.
Thompson (42) obtained discolored yolks as a result of feeding cottonseed meal to laying hens. He states that the yolks were either olive colored or had small brown spots on them. The spots ranged in size from that of a pin head to a quarter of an inch in diameter.
Tomhave and Mumford (45) studied the effects of soybeans on the cold storage quality of eggs. At the end of 4 months' storage the eggs produced on the highest percentages of soybeans had deteriorated most. This result was not obtained in the 6 and 9 months' storage periods. The yolks in these longer storage periods produced from rations containing a high percentage of soybean meal did show a slightly greater change in color than the control lot. The difference was not great enough, however, to warrant the conclusion that soybeans were detrimental.
STUDIES ON VARIATION OF COLOR IN THE EGG YOLK
A complete review of the literature shows that several factors can affect the color of egg yolk. Palmer and Eckles (20) compared the variations of yolk color and butterfat color due to the f eeding of xanthophyll and carotin. They state that color in milk fat (butterfat), blood and body fat of the cow is due to carotin and not to xanthophyll. Their work indicates that hens do not utilize carotin to a large extent but do utilize xanthophyll. Therefore, the amount of xanthophyll fed in the ration affects the intensity of the yellow pigments in the yolk. Palmer and Eckles stated that carotin is found in the adipose tissue of the h en and a slight amount in the yolks produced by hens fed carrots.
Palmer and Kempster (21) grew hens to maturity on a carotinoid-free diet. These hens produced colorless yolks, but the color was restored upon the addition of xanthophyll to the ration.
Henderson and Wilcke (9) f ed a well known dye, Sudan III, to hens to determine the source of coloring matter in the yolk. They found that the dye or red color was first deposited in the outer layers. Their study further indicates that the hen does not deposit Sudan III from her body fat in the egg yolk, but that the ration is the main source of the pigment.
EXPERIMENTAL PROCEDURE OBJECT
The object of the experiment reported herein was to determine the influence of various rations and storage on the physical characteristics of eggs. The factors which were involved in this study were: (1) The weight which the egg lost by evaporation of moisture during storage; (2) the change in viscosity of the albumen during storage; (3) the changes which occur in the yolk during storage; (4) the influence of yolk color on the intensity of the candling factor::;-yolk shadow and yolk movement (a third factor, apparent shell porosity, obviously is not influenced by yolk shadow) ; (5) the influence of the viscosity (wateriness or fluidity) of the albumen on the candling factors, yolk shadow and yolk movement; (6) the loss of weight for each of the grades 3 of the three candling factors; (7) the influence of the various rations fed on the foregoing factors.
EXPLANATION OF PROCEDURE
(1) The weight which the egg lost by evaporation was of interest since the size of the air cell is directly proportional to the loss of weight, and the size of the air cell is used in commercial channels as an indication of the age of the egg. A large air cell may indicate either a shell of poor quality or age in the egg.
(2) The change in viscosity of the albumen during storage was studied because the consuming public prefers an albumen in the egg which is highly viscous, firm and which stands up around the yolk when it is broken out. When the albumen is of this nature it is supposed to have a high percentage of" thickalbumen." The albumen of the storage egg is more watery and is usually associated, in the mind of the consumer, with staleness. For these reasons it was considered valuable to compare the influence of different feeds and storage on the percentage of thick albumen in the egg.
(3) The yolk of the fresh egg is well rounded or "stands up" well while the yolk of the aged or storage egg is "flatter" and more spread out. The well rounded yolk naturally presents a better app earance to the housewife than the flattened and easily broken, aged yolk. With this point in mind, an effort was made to determine if the ability of the yolk to stand up could be influenced by the rations.
(4) The color of the yolk may vary from pale yellow to deep orange. The pale yellow yolk will cast a less intense yolk shadow when candled than will the dark yellow or orange yolk. Since the dark shadow has always been associated with lower quality, it was desired to determine to what degree the yolk color actually influenced the candling factors, yolk shadow, and yolk movement.
(5) Firm albumen, which is associated with the fresh egg, should have a tendency to hold the yolk well centered, and consequently when the egg is turned before the candle the yolk should be only dimly visible. In the storage egg the albumen is more watery and supposedly allows the yolk to rotate more freely within the egg. The closer the yolk comes to the outer extremity of the egg, the greater the yolk shadow, and the more obvious the movement. In this study the influence of the condition of the albumen on these factors was of interest.
(6) The loss of weight for each of the three grades of the three candling factors was measured in order to determine if the loss of weight could be diminished during storage by selecting the eggs placed in storage.
LAYING STOCK FROM WHICH THE EGGS WERE OBTAINED
This project began on Oct. 1, 1931, with eight pens, each containing 30 Single Comb White Leghorn hens. The pens were numbered 29 to 36, inclusive. On Oct. 1, 1931, seven pens (numbered 19 to 25, inclusive) of 30 White Leghorn pullets each were added to this project. The hens were selected so that the pens were as homogeneous as possible in respect to breeding and previous egg production. The second year, the hens were selected and equally distributed in the pens numbered 29 to 36, inclusive, according to their previous egg production. On Oct. 1, each year, pullets that had been selected for uniformity of sexual development were placed in pens In to 25, inclusive.
In case of death among the pullets or hens, their previous records were not discarded. The number of hens in the several pens varied from year to year as indicated in table 1. 
METHOD OF MANAGEMENT OF LAYING STOCK
The eight initial pens were housed in a continuous type of laying house of tile construction, and the remaining seven pem; in frame colony houses, 10 by 12 feet in size. The hens were confined during the winter, but pens 29 to 36, inclusive, had access to range during the summer.
The all-mash method of feeding was used throughout the experiment. The basal ration which was fed consisted of ground yellow corn, wheat and oats in the ratio of 2:1:1 by weight, plus 3 percent bone meal and 1 percent salt. The protein supplements fed to pens 29 to 36, inclusive, throughout the experiments are given in table 2. The basal ration fed pens 19, 20 and 21 consisted of ground yellow corn, wheat and oats in the ratio of 1.66:1:1 plus 1 percent salt. The basal ration fed pens 22 to 25, inclusive, consisted of ground yellow corn, wheat and oats in the ratio of 1.45:1:1 plus 1 percent salt. The supplements given pens 19 to 25, inclusive, are given in table 3. All pens were given cod liver oil at the rate of 1 percent of the total ration from Nov. 1 to March 1 of each year. 32 10 percent meat and bone meal. 33 5 percent meat and bone meal plus 5 percent dry skimmilk. 34 5 percent meat and bone meal plus 9 percent dry Rldmmilk. 35 8 percent meat and bone meal plus 5 percent dry sldmmilk. 36 5 percent meat and bone meal.
METHOD OF HANDLING EGGS
All eggs laid were weighed daily in grams and graded according to the 10 factors on the grading sheet. During 1931 the eggs were weighed before being placed in storage, but were not candled as they were in 1932 and 1933. During 1932 and 1933 three samples, each consisting of 1 week's egg production from all pens, were weighed, graded and stored in Swift and Company's cold storage plant at Des Moines. The samples were selected during February, April and June in 1932, and during March, April and July in 1933. They were held in storage for 6 months, at the end of which time all except the eggs stored in 1931 were reweighed before they were removed from the storage room to determine the loss of weight during storage. 
iii ' " The eggs stored in 1931 were reweighed after they were returned to Ames, Iowa, and they showed a slight evidence of condensation moisture when weighed. After they were removed from storage they were all recandled and the same information recorded as before storage; they were then broken thin albumen measured in milliliters. The information obtained after storage was recorded on the same sheets as that obtained before storage so that a comparison of the candling factors recorded at the two different dates could be made. All eggs were candled by the same person so that variations which might result from different individual interpretations were eliminated. Yolk measurements were taken as described by Sharp (32) and the yolk index 4 calculated. After the egg was broken out the yolk color ,vas determined by a series of color standards so that it could be correlated with the candling factors, yolk shadow and yolk movement. A darkened room was used when candling as it enabled the iRterior quality and shell texture to be determined most accurately. A candling device as illustrated ( fig. 1 ) was used and a 60-watt frosted bulb employed as a source of light. It apparently showed much superiority over the 40 or 50-watt bulb in detecting intensity of yolk shadow and speed of yolk movement.
The first year's study included 1,764 eggs, the second year 2,379, and the third year 2,503.
YOLK SHADOW
The three grades of the candling factor, yolk shadow, were termed light, medium and dark, and were numbered 1, 2 and 3, respectively. Shadows which were practically invisible when candled, the yolk shadow blending into the albumen so that there was no definite outline of the yolk's position within the egg, were placed in the light group. Those that were more visible but not visible to the extent that the yolk outline could be seen distinctly were placed in the medium group. When the yolk outline was plainly visible and the position of the yolk was very plain within the egg, the shadow was graded as dark. The three grades of yolk shadow as exhibited before the candling device are illustrated in fig. 2 .
• See page 8 for definition of yolk index.
YOLK MOVEMENT
Yolk movement, a second candling factor, which is observed when the egg is rotated before the candle, was also classified into three grades, slow, medium and fast. When the egg is rotated it is obvious that the yolk will move laterally; the chalaza seemingly acts as an axis for this movement. Consequently the movement of the yolk away from the center of the egg toward the outer extremities of the shell was given more consideration in grading than the mere rotation of the yolk in the center of the egg. This was determined by the extent of the movement of the yolk toward the end J of the egg, and its tendency to float away from the center. There is a possibility that the intensity of the yolk shadow may influence one's ability to interpret yolk movement. If the yolk shadow is dark, the yolk movement is more obvious than if the shadow IS nearly invisible. pores or open channels in the shell. Apparent porosity, a third candling factor, and not actual porosity was used in this study. Apparent porosity, for purposes of this study, is defined as the porosity as seen in candling.
Three grades were also used for classifyi n g she 11 porosity: slightly porous, m edium and highly porous. Eggs graded as slightly porous had even shell texture with only a few light spots appearing in the shell when candled. l'hese shells were free from all abnormalities such as ridges, roughness or checks. Those graded as medium in porosi.ty had a greater number of light spots than the slightly porous eggs. The shells were normal in every respect except that the apparent porosity was greater than in the slightly porous grade. The highly porous grade consisted of eggs with uneven shell texture and those having a greater apparent porosity than either of the other two grades. Also, eggs h a v i n g "body checks" were generally placed in this group unless the rest of the shell was extremely even in texture and possessed a very small number of light spots in the shell when candled. ical reasons, it was candled and the check disregarded unless the shell was very thin and weak; then it was placed in the highly porous grade. Also, if the shell appeared to be uneven in quality-for instance, if one portion of the shell was opaque and another portion transparent-it was graded as highly porous. This unevenness of texture indicates an uneven calcification of the shell, as it is popularly supposed that the lighter portion is apparently thinner than the darker part of the shell. The three grades of apparent shell porosity as shown before the candling device are illustrated in fig. 3 .
YOLK COLOR STUDIES
At the time each group of eggs was stored a representative lot was broken out for interior studies. The purpose of this was to determine the changes in the physical qualities during storage. In the past, the popular opinion has been that the yolk darkens in color with age.
The yolk color was given five grades ranging from a pale yellow to a deep yellow which was slightly tinted with red. These colors were numbered 1, 2, 3, 4 and 5, number 1 being the lightest in color and 5 the darkest. Figure 4 shows the five colors used as a standard for determining yolk color when the eggs were broken out. In the statistical analysis the yolk color was correlated with the candling factors, yolk shadow and movement in order to compare the relation of yolk color and percentage of thick albumen with yolk shadow and yolk movement.
ANALYSIS OF RESULTS
In the statistical analyses, correlations as given by Wallace and Snedecor (47) and analysis of variance as given by Fisher (7) were used.
In the analyses the hen wa~ used as a unit. For instance, the mean loss of weight in the egg during storage was calculated for the eggs produced by each hen, and then the mean loss for all of the eggs produced in a given pen calculated from the hen means. Consequently, each hen employed in the study exerted the same influence on the final analyses, regardless of the number of eggs she may have produced in the period.
LOSS OF WEIGHT DURING STORAGE
The mean loss of weight of all the eggs stored in the-different years from the 15 experimental pens is shown in table 5.
In 1932 the range from the lowest to the highest mean loss of weight per pen in the group of pens 19 to 25, inclusive, was only 0.17 gram. In 1933 a range of 0.47 gram was obtained for the same group. Pen 20, which produced very light colored yolks, lost the least, but was one of the three high pens in loss of weight in 1933.
Throughout the 3 years the loss of weight of eggs obtained from pens 29 to 36, inclusive, was very irregular. With the ex· ception of pens 29, 30 and 31, which received 15 percent, 10 per-cent and 5 percent dry skimmilk, respectively, there was no regularity in loss of weight between pens during the 3 years which could be attributed to the effects of the feed. In these three pens there was a decline in loss of weight in the eggs which corresponded to the decrease in the amount of dry skimmilk fed in the ration. In some cases the mean loss of weight of eggs was the greatest in the pens which received the highest percentage of protein, but this is not consistently true for the 3 years.
A highly significant difference in loss of weight was found between pens for each of thc years, 1931 and 1933. A non-significant difference was obtained between the pens in the 1932 study. Although the differences in loss of weight were statistically significant for 2 years, and when the 3 years' data were combined a highly significant difference was obtained, the losses could not be correlated with definite changes in the ration. During the 1931 studies, scales were used which weighed only to the nearest two grams, thus, the experimental error in weighing could be, in many cases, greater than the actual variation in loss of weight. This could account for the significant difference in loss of weight during 1931. During the second year, when scales were used which were sensitive to the nearest one-fourth gram, a nonsignificant difference in loss of weight was obtained. This fact would further indicate that the variations were probably not caused by the rations. Also, there is a possibility that the variation in egg size among pens would cause a variation in loss of weight as large as was obtained in this study. Dunn (6) pointed out that loss of weight in the egg was proportional to the amount of surface area exposed.
INFLUENCE OF DATE OF STORAGE ON LOSS OF WEIGHT DURING STORAGE
During 1932 a week's sample of eggs was placed in storage in March, April and June, and in April, May and July during 1933. The mean loss of weight in grams for the eggs stored in the various months of each year is shown in table 6.
A higher mean loss occurred for the eggs stored in July, 1933, than for any of the previous storage periods. No explanation can be offered for the losses of weight in 1932 and 1933, except for July, 1933. '1'his sample of eggs was unavoidably removed from the storage plant at Des Moines 2 months before the storage period was completed, and they were held in a storage room at Iowa State College where the temperature was 34 degrees F. instead of 29 degrees F. and where the relative humidity was lower than in Des Moines. This probably caused a greater loss of weight than would have occurred in an environment of higher relative humidity.
A non-significant value was found for the differences among the mean losses in weight of the eggs during storage for the three periods (months) for 1932. Highly significant differences were obtained in these means for the storage periods for 1933. This was because of the greater loss experienced, as previously explained, in the eggs stored in July, 1933, and therefore th e increased loss in weight should not be attributed to the fact that they were stored late in the season. Since the three groups stored during 1932 were all given identical treatment, more value should be attached to the 1932 results than to those obtained in 1933.
The above results tend to demonstrate the fallacy of the i.dea that eggs stored late in the summer lose more weight in storage than those stored earlier in the season. At least this is true when the eggs are given identical treatment before being placed in storage.
The greater loss of weight experienced in the eggs stored in July, 1933, due to changed storage conditions, indicates that proper hllmidity and temperature are highly important in preventing increased evaporation during storage.
INFLUENCE OF RATIONS AND STORAGE ON PHYSICAL CHARACTERISTICS OF ALBUMEN
To determine the change in percentage of thick albumen during storage, a sample of fresh eggs was broken out at the time the eggs were stored and the volume of thick and thin albumen measured in milliliters. After storage the stored eggs were broken out and the same measurements taken. Table 7 shows the mean percentage of thick albumen present in eggs before and after storage and the percentage change during storage in 1933.
The above data indicate a wider range between the highest and lowest mean pen percentage of thick albumen in the after storage than in the fresh egg measurements.
Considering the rations fed to hens in pens 19 to 25, inclusive, the ration supplemented with 7% percent meat and bone meal (pen 19 ) produced the highest percentage of thick albumen both before and after storage for 1933. In the 1932 storage studies the percentage of thick albumen in the eggs from pen 19 was surpassed by that produced by five of the other rations. Highly significant differences were found for both years among pens for the amount of thick albumen in the eggs as determined when the eggs were broken. The two years' data were combined and a highly significant difference was again observed. A significant difference between years for percentage of thick albumen was found. The association of the variations in percentage of thick albumen with the protein supplements fed was not clear. More complete statistical analyses may make more definite conclusions possible.
The lowest change in mean percentage of thick albumen during storage was 11.4 (pen 20 ) , and the highest 20.1 (pen 36) . • Statistically, highly significant differences were observed among pens for the change in percentage of thick albumen during storage, but the variation in change was not associated with the amount of protein supplement fed.
INFLUENCE OF DATE AT WHICH EGGS ARE PLACED IN STORAGE ON PERCENTAGE OF THICK ALBUMEN
The mean percentage of thick albumen for the eggs stored in the various months is shown in t able 8.
In 1932 and 1933 there was a higher mean percentage of thick albumen after storage in the eggs stored in April than in those stored in any of the other months. In 1932 the eggs stored in June had a higher percentage of thick albumen than those stored in March, and the eggs stored in July, 1933, had practically the same percentage as those stored in May. The differences in percentage of thick albumen among storage periods was highly significant for both years. The irregular variability in per. centage of thick albumen, however, as shown by the means indicates that such differences are due to some extraneous causes. Eggs stored in June and July have practically the same keeping qualities during storage from the standpoint of thick albumen as those stored in March or April.
INFLUENCE OF RATIONS AND STORAGE ON YOLK INDEX
This study included both the variation among pens as influenced by the ration and the variation in the weekly samples stored during the different months, as influenced by the seasonal change.
The yolk index for fresh eggs and for the 2 years' measurement on storage eggs for the 15 experimental pens is shown in table 9 as is also the change in yolk index during storage.
As the yolk loses its well rounded shape and becomes flattened, the yolk index decreases. Table 9 illustrates the change in yolk index during the 6 months' storage period. When the yolk index was measured after the storage period the eggs obtained from the hens in pen 35, whose ration contained a protein supplement of 8 percent meat scrap and 5 percent dry skimmilk, had the lowest mean yolk index for both years. Eggs from pen 22, in which the hens received 10 percent corn gluten meal, had the highest yolk index in 1933 for the after storage eggs, and this pen was one of the three highest during 1932. The eggs from this pen also exhibited the smallest change in yolk index during storage, 0.014. The hens in pens 29, 30 and 31 received 15 percent, 10 percent and 5 percent of dry skimmilk, respectively, and in 1933 the yolk index of the eggs progressively increased as the amount of protein supplement decreased. This was not true during 1932, possibly indicating a chance variation.
From a casual observation in some cases it appears that the highest yolk index is associated with the lowest percentage of protein supplement, but by a more careful study this is not found to be true for both years.
In the studies on storage eggs, highly significant differences were found among pens for yolk index for both 1932 and 1933. The 2 years' data were combined and highly significant differences were obtained for yolk index among pens. Also highly significant differences were found between years for the values of yolk index.
Although highly significant differences were obtained, it is difficult to associate the differences with the protein supplements fed, since the variation among the pens does not correspond for the 2 years.
. To obtain the change of yolk index during storage, a comparable sample of fresh eggs was broken out at the time the weekly samples were stored, and the yolk index determined. The decrease during storage is shown in table 9. The smallest change (.0014) occurred in the eggs from pen 22 and the greatest change (.075 ) in those from pen 35. Highly significant differences were found among pens for the change in yolk index during storage. The variation throughout the 15 pens, however, was not consistent with the percentage of protein supplement fed in the rations. For this reason the st"atistical results cannot be interpreted as related to the rations.
A study of the variation in yolk index for the eggs placed in storage during the different months was also made. 'l'he variation by months was as follows:
Month April Mean Index 0.3540 May 0.3611 July 0.3512 The variation from the highest to the lowest monthly yolk index was only 0.0099. The mean yolk index was higher in the May eggs than in the April eggs. Although the observed differences were highly significant, nevertheless the lack of any definite trend, together with the extremely small differences make it impossible to conclude that eggs stored early in the spring are superior in storage qualities from the standpoint of yolk indcx to those stored in .July. This is especially true if they are held under comparable conditions prior to being placed in storage.
RELATION OF YOLK COLOR TO YOLK SHADOW AND YOLK MOVEMENT
For investigation the yolk color was divided into five grades as previously described and shown in fig. 2 . Yolk color was determined by observation when the eggs were broken out, and yolk shadow and yolk movement determined by candling.
When correlations involving yolk CDlor and yolk shadow and yolk color and yolk movement were calculated, highly significant results were found. These results clearly illustrate that yolk color influences th e intensity of yolk shadow and that it influences apparent yolk movement. The above facts also demonstrate that a dark yolk shadow does not necessarily indicate a watery albumen.
The correlation between yolk shadow and yolk movement was found to be 0.77. This positive correlation further substantiates the fact previously presented, that in judging interior quality by candling, the yolk color must be considered.
RELATION OF CANDLING FACTORS AND LOSS OF WEIGHT IN THE EGG DURING STORAGE
Since yolk shadow, yolk movement and shell porosity are generally used in grading eggs, as measures of egg quality, it was of interest to study their relation to loss of weight in the egg during storage.
RELATION OF INTENSITY OF YOLK SHADOW AS DETERMINED BEFORE STORAGE AND LOSS OF WEIGHT IN THE EGGS DURING STORAGE
The mean loss of weight in grams by eggs exhibiting the three grades of yolk shadow for the grades determined before storage is shown by years in table 10 .
In 1931 the eggs were not candled before they we're placed in cold storage. The differences in loss of weight among the three grades in each year were non-significant.
In this group there was a range in loss of weight of only 0.09 grams for 1932 and 0.04 for 1933. These results indicate that the intensity of the yolk shadow as shown before the candle cannot be used as a criterion by which the loss of weight during storage can be predicted.
The mean losses given in table 10 show that the loss during storage was not larger for the eggs exhibiting a dark yolk shadow than for those with a less intense shadow. In the past a dark yolk shadow has been considered in commercial channels as an indication of poor quality. If this were true a greater Joss of weight would have been expected from the number three grade than from the number one grade. The reverse of this expectation was found for the grades determined before storage for both years. This study indicates that there is no relation between yolk shadow as determined before the eggs are placed in storage and loss of weight during storage.
RELATION OF YOLK MOVEMENT AS DETERMINED BEFORE STORAGE AND LOSS OF WEIGHT IN 'rIm EGGS DURING STORAGE
The mean loss of weight in grams by the eggs exhibiting the three grades of yolk movement as det ermined b efore storage is shown by years in table 11. The differences in loss of weight between grades for each year were non-significant. This study demonstrates that selecting eggs prior to storage according to the rapidity of yolk movement, as shown before the candle, will not control loss of weight during storage.
RELATION OF SHELL POROSITY AS DETERMINED BEFORE STORAGE AND LOSS OF WEIGHT IN THE EGGS DURING STORAGE
The mean loss of weight in grams by the eggs exhibiting the three grades of shell porosity, as determined before storage, is shown by years in table 12.
The differences in loss of weight among grades during storage each year were highly significant. In each year the smallest loss in weight was observed in the eggs which exhibited the least apparent shell porosity and the greatest loss in weight from those which exhibited the greatest apparent shell porosity. Evaporation from the eggs was undoubtedly related to apparent porosity as shown before the candle.
These results will probably prove to be some of the most valuable information obtained from this work. By the rigid selection of eggs it would be possible to reduce the shrinkage from onefifth to one-fourth during the storage period. This reduction might lessen the depth of the air cell so the eggs after storage would be placed in a higher grade when sold and consequently command a higher price.
The number of eggs in each grade of apparent shell porosity for the grades determined before and after storage are shown in tables 12 and 15, r espectively. When the eggs were candled after storage a greater number was classified in the highly porous grades than when they were candled before storage. Two explanations might be offered for this change; (1 ) the loss of the bloom from the shell during the storage period and (2) the normal variation in judgment of the person who did the grading.
RELATION OF YOLK SHADOW AS DETERMINED AFTER STORAGE AND LOSS OF WEIGHT IN THE EGGS DU RING STORAGE
The mean loss of weight in grams in the eggs exhibiting the three grades of yolk shadow as determined after storage is given in table 13. The differences among the means in each year were highly significant. These results, supplementing those obtained from table 11, proved to be very interesting because other investigators have advanced the theory that shell porosity as exhibited before the candling device was not actual shell porosity. In the 1933 eggs, those with apparently highly porous shells, as graded before the candle, lost 0.58 grams or over one-fifth more weight than the apparently slightly porous or number one grade. This indicates that apparent porosity as shown before the candling device is related to some factor which controls evaporation in the egg. During the 3 years studied a progressive increase in loss of weight accompanied an increase in apparent porosity as shown before the candle.
Since the variation in loss of weight exhibited the same relation to the three grades of apparent egg shell porosity as exhibited both before and after storage throughout the 3 years, there seems to be no doubt that the loss of weight during storage can be lessened by candling the eggs prior to placing them in storage and discarding those exhibiting highly porous shells.
CORRELATIONS TO DETERMINE THE RELATION OF THE VARIOUS FACTORS STUDIED
Correlation was used to determine the relation of the various factors studied. The correlation between yolk shadow and percentage of thick albumen, was found to be 0.0135, which value was non-significant. In the correlation between yolk movement and percentage of thick albumen, calculated r = 0.0036. This value is not significant. Since highly positive correlations were obtained between yolk color and yolk shadow and yolk color and yolk movement, it can be concluded that yolk color influences the intensity of yolk shadow and apparent rapidity of movement more than does the condition of the albumen.
The correlation was not significant between loss of weight during storage and yolk index, l' = 0.0259. The same was true with loss of weight and percentage of thick albumen, l' equals 0.0208. These two correlations indicate that loss of weight, which causes the air cell to increase in size, is not necessarily a good criterion of egg quality. A highly significant correlation was obtained for yolk index and percentage of thick albumen, r = 0.1338. A value above 0.096 is highly significant, as shown by Wallace and Snedecor's (46) table. This last value was expected because other investigators have reported that the yolk absorbs moisture from the albumen, causing the pressure to be increased on the vitelline membrane and simultaneously the yolk becomes more flattened.
SUMMARY
Varying amounts of protein supplements from both plant and animal sources were added to the basal ration given to 892 hens in 15 experimental pens. The supplements used were varying percentages of dried skimmilk, meat and bone meal, corn gluten meal and soybean oilmeal. Also, different combinations of meat and bone meal, and dried skimmilk were fed to three of the pens.
All eggs produced during 1 week in different months in the spring and summer were placed in storage in a commercial storage plant. These eggs werc weighed (in grams) and candled prior to being placed in storage; their characteristics were recorded according to the various factors shown on the candling record sheet. The eggs were kept in storage for 6 months. After the storage period they were reweighed and recandled to determine the loss of weight and the change in the appearance of the candling factors during storage.
There is evidence that the protein supplements fed did not influence: (A) The loss of weight during storage, (B) 5 the percentage of thick albumen in either the fresh or storage eggs, (0) the yolk indexes in either the fresh or storage eggs.
The loss of weight during storage was found to be closely related to the apparent porosity of the egg shell.
Within the ranges studied in this experiment yolk color was found to influence the candling factors, yolk shadow and yolk movement, to a greater degree than does the percentage of thick albumen in the egg. A dark yolk, produced by feeding yellow corn and grass, causes a darker yolk shadow than does a light colored yolk.
The season at which eggs are stored does not influence the keeping quality during storage as measured by yolk index, percentage of thick albumen and loss of weight, providing the eggs are held under similar (cool) conditions prior to being placed in storage.
• inconclusive. See p. 20.
